Intensive cultivation, low and imbalance use of fertilizers, soils are continuously depleted and degraded. Green manuring (GM) is a well-known practice performed by the farming communities almost around the globe. Green manure crops are grown and ploughed as green foliage to improve soil characteristics. Leguminous crops have more importance as green manure over non-leguminous crops. Green manuring is one of the important possible options in achieving the ultimate goal of sustainable crop yield improvement. Various studies have highlighted the role of green manuring in improving soil organic matter, soil porosity, water holding capacity and soil C: N ratio. Fertilizer use efficiency (FUE) is improved by incorporation of green manure crops. It is helpful in sustainable agriculture systems by maximizing the crop yields and improving the livelihood of farming community. High yielding varieties are being introduced at a rapid pace to meet up the current challenges related to food security. Therefore, integrated use of green manuring and fertilizers is the best combination for achieving higher yield. Inclusion of green manure crops in the exiting cropping system has some constraints like availability of quality seed to farmers, performance variability in green manure crops, problems related to its establishment and incorporation as well. Moreover, costly tillage, seeding operations and labor need to be reduced for better adoption of green manure programme. The sole objective of this article was to review the advances in green manuring technology.
Introduction
Green manuring practice is performed by the farming communities in many parts of the world and it is considered as a popular organic crop amendment [1] . Green manuring is a common method of conserving moisture in the soil and it also improves soil organic matter as well [2] . The crops which are grown and ploughed as green to improve the condition of the soil are called green manure crops. Green manure crops are grown on a piece of land for the purpose of incorporation into the soil as green vegetation for soil health improvement. It is a soil amendment and nutrient source for future crops to improve the yield and sustainable production of major crops. Green manure crops should not be confused with cover crops as they are grown for conservation and their incorporation in soil is not necessary but incorporation into the soil is prerequisite in green manure crops [3] . Long term study (thirty four years) in southern USA revealed that cover crops (especially vetch) with notillage management improved infiltration rate of soil and improved the yield of lint cotton [4] . Legumes and non-legumes can be grown as a green manure. The inclusion of nonleguminous crops is due to their fast growing period. Leguminous crops have more importance as green manure over nonleguminous crops because they add organic matter and valuable amount of nitrogen into the soil [5] . In many farming systems around the world, N-fixing leguminous crops are preferred as a green manure [6] . Because, they reduce external inputs for crops and increase the internal resource availability to soil for successful cultivation of major crops [7] . Leguminous green manure crops include all clovers, beans, vetches, alfalfa and lupines. Crops having less water requirement, good crop stand, deep root system, vigorous vegetative growth early in the season and contain large amount of non-fibrous tissues coupled with rapid decomposition ability, having fair percentage of moisture and nutrient supply to the soil are selected for green mauring [3] . Favourable time for sowing of green manure crops is at the onset of monsoon season usually in last week of June in rain-fed conditions. These crops are allowed to stand in field up to mid -August and incorporated when there is maximum biomass [2] . Suitable time of green manure crop incorporation in the soil is when there are enough green leaves, immature pods, vegetative buds and flowers because the decomposition is rapid. As the plant becomes aged, it contains old shoots and other hard woody parts; however decomposition is a problem due to the presence of complex lignin compounds [8] . Sunhemp Intensive cultivation degrades the basic resources for crop production and nutrient availability is interlinked with organic matter which is depleting continuously. When the organic matter is reduced, a serious decline in nutrient availability appears in the soil. In natural systems, equilibrium is present within the bio-mass production and reserve sources but there is net removal of nutrients characterized by low storage capacity, less cycling efficiency and continuous loss of nutrients [11]. This continuous loss of nutrients and organic matter is a major threat to the earth's ability to feed the rising population. Land degradation is a major agricultural concern because it has negative effects on crop production which ultimately leads to food security issues. About 78% nitrogen is present in the environment but plants are unable to use this nitrogen because plants require mineralized Another study on green manure application revealed that it enhances the organic matter contents in the soil [34] . Decomposition of the organic matter is affected by many factors but temperature is one of the important factors [35] . Green manure (GM) and farmyard manure (FYM) replenished the soil organic matter (SOM). Soil organic carbon and nitrogen contents were achieved ranging from 0.10 to 1.40 and 0.05 to 0.55 through the soil amendment practices [36] . Soil physical properties are helpful for establishing the functional ability of the soil for the maintenance of crop growth, which is influenced by the sustainable agricultural management practices. Application of nitrogen and rye green manure has no effect on the soil physical properties but it provides the basic nutrients for the growth of crop [37] [38] [39] . An inverse relationship exists between the bulk density and total porosity, which is a measure of porous spaces left in soil for the movement of free water and air in these pore spaces [Error! Reference source not found., 40]. Reduction in bulk density results in greater porosity and it improved aeration, progressing in a suitable environment for biological action of living organisms [41, 42] . Soil granulation and pores size both progressively increase by the incorporation of leguminous crops as a green manure crop in the soil [43] . Soil aeration depends upon pore size allocation in the soil, which is very important for water and air balance in the pore spaces [444]. Significant reduction in soil bulk density with an associated increment in total porosity of the soil was observed by the application of sesbania. This may be correlated with greater amount of the organic matter decomposition and loosening of the soil particles with the action of microbes on the roots of sesbania crop [Error! Reference source not found.5]. Soil texture, structure and amount of organic matter contents all have key role in controlling the porosity of soil [23]. Aggregate size affects the pore sizes of the soil. Soil structure had direct and indirect effect on microbial processes that take place in soil and crop roots [46] . Soil primary particles and micro-aggregates are converted into the macro-aggregates through the physical actions in the roots and construction of cementing agents which ultimately enhance the microbial activities and all these have effects on the soil structural properties. Bulk density is reduced due to the aggregation processes and properties, which not only enhances the porosity but also improves the water holding capacity and transmission capabilities [37, 39, 40, 41, 47] . Maximum reduction of 7% in soil bulk density was noted by the application of sesbania as a leguminous green manure crop which has good impact on increasing the total porosity and available water up to the 17% when sesbania used as a green manure crop [48] . Green manuring and crop yield potential Agricultural systems are leading towards intensification. Inclusion of green manuring in our agricultural system is one of the most important factors for sustainable agriculture because green manure crops not only maintain but also improve the soil characteristics. These crops are also directly or indirectly involved in the yield improvement of the subsequent crop. It can be helpful for maximizing the yield of major crops. It is therefore, dire need for improvement in our agricultural system to get maximum benefits from high yielding varieties by improving the soil health. The use of green manuring alone is not enough. (Table 1) in rain-fed conditions of Pothwar plateau revealed that incorporation of cowpea in wheat-cowpea-wheat cropping system compared with wheat-fallow-wheat resulted in 13.5 % increase in wheat grain yield, wheat straw by 14 %, productive tillers by 7 % and plant population by 4 %. It also improved soil moisture up to 11.8% as well [22]. There is need for further studies on monitoring of green manuring and organic amendment programmes, particularly in rain fed parts of the world. system [29] . In another study it was observed that green manuring resulted in 16.8 per cent increase compared to check. Overall performance of cowpea green manuring in wheat (Figure 1 ) was positive and the benefit was Rs 10283 ha 
Figure1. Cost benefit analysis of cowpea green manuring for wheat crop [22]
Constraints in adoption of green manuring Green manuring practice has some limitations for its adoption. Some of the issues are identified by several reviews and several surveys in different cropping systems [57, 58] . Unplanned and unwise green manure application may result in nitrogen deficiency due to nitrogen immobilization [14]. Further, water deficiency for subsequent crops under arid and semi-arid conditions is a major issue as green manure crops also consume soil moisture [59] . Unstable wheat yield was observed by leguminous green manure crops due to more soil moisture consumption [60] . Moreover, leguminous green manure quality seed is not easily available. Variability of green manure performance particularly in problematic soils, establishment and incorporation of green manure is costly, absence of appropriate machinery [61] . Tillage, seeding operation, land and labor charges not allow the farmers to do green manuring. Seed production for green manures is costly, further control of pest and pathogens is also problematic issue in green manures [612], because these are the desirable food sources for them. These crops cannot provide direct cash to farmers, so they have an opinion that there is no need to invest in protection measures for it. Furthermore, timing, growth stage and synchronization of green manure crop with the cropping pattern are crucial factors. High water requiring crops are not suitable in arid regions [144]. In many countries there is no subsidy to the farmers on growing of green manures, so the farmers are not willing for adopting a thing other than the conventional.
Conclusion
There is an acute pressure on our soil resources to meet the rising demand of food supply through intensification of agriculture system around the world. As the population of world has been rising at a rapid rate and more efforts are being focused towards raising crop production through improved crop resources, introduction of short duration, resistant and high yield varieties. However, soil health, its sustainability and productivity, which are largely threatened due to unwise agricultural practices, need to be conserved if not possible to improve. Use of organic amendments such as green manure crops which provide us a window of opportunity in ameliorating soil health, fertility status and productivity potential. It helps in soil moisture conservation and increases water holding capacity of soil by improving soil physio-chemical properties and soil organic matter; hence it increases water use efficiency (WUE). Leguminous green manure crops help in nitrogen fixation and increase fertilizer use efficiency (FUE), thus help in integrated nutrient management (INM). It also suppressed weeds in cropping systems particularly under monoculture agricultural practice by integrated weed management (IWM) programme. Incorporation of green manure crops reduced fertilizer cost, increased crop yield and net profitability as well. Overall, it is an ecofriendly practice for soil health and sustainable production. Although, it is a good practice for improving soil health and crop yield but there are some constraints related to it in different cropping systems. Therefore, there is need for further research on reducing the risks involved with it particularly in rainfed conditions with little rainfall during the growing season. Selection of crops for green manuring and time of its incorporation in different cropping systems need to be standardized for minimizing the risks involved in the use of green manure crops. 
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